PUG- 14-2007 10:27 FromiBSTZ 


3037406962 


To:USPTO 


P. 20^39 


(19) 


EurapMiechee Patentamt 
European Patent Office 
OTfica aurop^ <io$ brevets 


(12) 


(43) Date of publication: 

21.07.1999 Bulletin 1999/29 

(21) Application number: 99300267.4 

(22) Dateof filing: 15.01 .Iddd 


(11) EP 0 930 719 A2 

EUROPEAN PATENT APPLICATION 

(51) inlCiA H04B 1/10 


(84) Designated Contracting Stales: 

• Tsujiahit^, Maeahiro 

AT BE CH CY DE DK ES Fl FR GB |£ IT LI LU 

Chtyoda-ku, Tokyo 100-8310 (JP) 

MC NL PT SE 

* Taurai, KenfchI 

Designated Extension States: 

Chiyoda-ku, Tokyo 10M31O (jp) 

AL LT LV MK RO SI 

• Ishida* Maaayukt 


Chiyoda-ku, Tokyo 100-8310 (JP) 

(30) Priority: 19.01.1998 JP 764998 


(74) Representative: Burke, Steven David et al 

(71) Applicant: MIT&UBJSHI DCNKI KABUSHIKt 

R.O.C. Jenkins & Cou 

KAJ9HA 

20 Caxton Street 

Tokyo 100-8310 (JP) 

London dWlH ORH (GB) 

(72) Inventory; 


* T^ujl, Mdsayuki 


Chtyoda-kUp Tokyo 100-8310 (JP) 



(54) Impul&e noise detector snd noiee reduotion system 


(57) An impulse noise detector detects impulse 
noise in an audio signal by , filtering out the audio com- 
ponents of the signal, then comparing an envelope of s 
frltered signal with a threshold obtained as a moving av- 
erage Of the envelope. Short-dUralion impulse noisa is 


thereby detected wiihout detecting tone bursta and oth- 
er fasi-rislng signals of tonger duratton. The onvekspe 
may be taKen directly from the filtered signal, or from a 
dilferencB signal obtained from a preliminary envelope 
of the filtered signal, to emphasise impulse noise when 
distorted audio components leak into the fittered signal. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present Invention relates to an impulse 
nobe detector useful in, for example, a car radio. 
[0002] Impulse noise such as ignrtion noise and mirror 
noise occurs frequently in the car environment- and is 
readily picked Up by the antenna o1 a car radio. To pre- 
vent such Impulse noise from becoming audible, a car 
radio requires an Impulse noise reducer. 
[0003] FIG. 1 1s a block diagram of a frequency-mod- 
uialion (FM) stereo car radio comprising an antenna 1, 
a tuner 2. an FM demodulator (DEMOD) 3, an impulse 
noise reducer 4, an impulse noise detector 5, an FM 
si$reo demodulator 6, and a pair of loudspeakers 7 (only 
one of which Is visible). An FM radio-frequency broad- 
cast signal received by the antenna t i& selected and 
amplified by the tuner 2, then damodulated by the FM 
demodulator 3 to obtain an FM composite signal. The 
FM composKe signal includes a left-right sum oompo- 
neni wfth audio frequer^ciee up to fifteen kiiohertz (15 
kHz), a 19-kH2 pilot component, and a left-right differ- 
ence component amplitude-modulated around a 33^kH2 
carrier frequency, with an upper eidebartd extending to 
53 kHz. Impulse noise picked up by the antenna 1 may 
also be present, out tnis noise i& detected oy the impulse 
noise detector 6 and blanked out by the impulse noise 
reducer 4. Further derrK>dulatlon of the FM composite 
signal by the FM stereo derrKXjulator 6 produces right- 
Channel and left-channel audio signals, which are repro- 
duced through the toudspeakers 7. 
[0004] FIG. 2 shows the internal structure of an im- 
pulse noise reducer 4 and an impulse noise detector 5 
employed in the prior art. The FM composite signal i& 
received at an analog input terminal 8. The impulse 
noise detector 5 comprises a high-pass tiiter (HPF) 9. 
an amplifier (AMP) io. an automat ic-gain^contrpi (agc) 
circuit 11, and a monostabte muftMbrator 12. The im- 
pulse noise reducer 4 comprises a gate 1 3. The high- 
pass fitter 9 has e cutoff frequency high enough to reject 
ell of the aisove-mentioned components of the FM corT>- 
poeite signal, impulse noise includes stilf higher fre- 
quency components that are not rejected. The output of 
the high-pass filter 9, which comprises impulse norse 
and other noise. Is amplified foy the amplifier 10, the gain 
of which is controlled by the AGC circuit 1 1 so as to keep 
the amplified noise signal below the threshold of the 
monostable multivibrator 12, The AGC circuit 11 is de- 
signed to respond slowly to changes in the noise level, 
however When impulse noise occurs, the monostable 
multivibrator 12 cannot track the rapid rl&e in tfie noise 
level so the output ot the amplifier 1 0 triggers the mon- 
ostable muttivibratori 2, which outputs an impulse nqise 
detectk)n signal to the gate 13. The output of the gate 
13 is held constant while the impulse noise detection 
signal is active, so impulse noise is effectively sup- 
pressed. 


2 

[OOOS] One problem in this prior-art circuit Is mat the 
monostable multivibrator 12 Is triggered not only by im- 
pulse noise, which typically lasts only a few tens or a 
few hundreds o1 microseconds, but also by tone-burst 
5 signals, in which a sine-wave signal Idsting several mil- 
liseconds is preceded and followed by a signal with zero 
amplitude. The result is the unwanted blanking of these 
tone burets. 

£0006] Another problem is that intemnodulation distor- 
tion can cause some of the energy of the composite FM 
signal to leak into frequency bands above S3 kHz. af. 
fecting the operation Of the AGC circuit 11 and making 
accurate detection of impulse ndse difficult. 

SUMMARY OF THE INVENTION 

[0007] it is accordingly an object of the present inven- 
tion to detect rmpulee noise lasting for brief inten/als of 
time, while avoiding the detection of signals that appear 
abruptly but last for tonger intervals. 
[0009] Another object of the invention is to detect im- 
pulse noise accurately in the presence of lealoge of au- 
dio signal components caused, for example, by inter- 
modulatkxi. 

[0009] The invented method of detecting impulse 
noise comprises the following steps: 

high-pass or bandpaso filtering of an Input signal; 
detecting an envelope of the filtered signal; 
calculating a first average value ol at least some of 
the values of the envelope signal over a predeter* 
mined time Interuel; 

multiplying the first average value by a first factor to 
obtain a threshold value: 

comparing at least one value of the envelope signal 
in the predetermined time interval with the threshold 
value; 

activating an impulse noise detection signal if the 
compared value exceeds the threshold value; and 
de-activating the impulse noise detection signal m 
the compared value doea not exceed the threshold 
value. 

[0010] In one aspect of the invention, all values of the 
envetope signal in the predetermined time interval are 
used in calculating the first average value. 
[001i| In another aspect of the invention, the values 
used in calculating the first average value are those that 
do not exceed the product Of a second average of all of 
the values in the predetermined time interval, multiplied 
by a second factor. 

[0012] In another aspect of the invention, the enve- 
lope signal is obtained by detecting a preliminary enve- 
lope, taking differences of values in the preliminary en- 
velope, then detecting the envelope of the difference 
values. 

[0013] In another aspect of the invention, the steps 
described above are performed twice, using bandpass 


15 


so 


26 


30 


3$ 


40 


4& 


SO 


2 


PAGE 21/39 * RCVD AT 8/14/2007 12:21:29 PM [Eastern Daylight Time] * SVR:USPT0€FXRF-5I13* DNIS:2738300 * CSID:3037406962 * DURATION (mm-ss):21-58 


AUG-14-200? 10: E8 From:BSTZ 


303T40S962 


To:USPTO 


P. 22^39 


3 EPO! 

filters with different pasBbands, and the two resulting im- 
pulse no\&& detection eignals afe combined in different 
ways, depending on the received level of a radio-fre- 
quency signal from which the input signal is obtained, 
to generate an output impuf&e noi&e detection Signal. 
[001 4] In another aspect of the invention, the first fac- 
tor is adjusted according to the received level of the ra- 
dio-frequency signal. 

[0015] The invention also provides impulse noise de- 
tectors and a noise reduction system employing the In- 
vented mslhod. 

[0016] By using a muftiple of the envelope eignai av- 
eraged over a time interval as a detection threshold, the 
invented method detects £hort-duration Impulfie noise 
without detecting abruptly rising signal? of longer dura- 
tion. 

[0017] By taking an envelope of differences of a pre- 
liminary envelope, the invented method emphgi^izes Im- 
pulse noise, relative to intermodutation producte and 
other audio leakage, so that the impulse noise can bs 
accurately detected. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 8] In the attached drawings: 

FIQ. 1 is a block diagram of an FM stereo radio re- 
ceiver; 

FIQ. 2 is a more detailed blockdiagram showing the 
internal structure of a prior-art impul&e noise detec- 
tor; 

FIG. 3 is a block diagram of an Impulse noise de- 
tector illustrating a first embodiment of the inven- 
tion; 

FIG. 4 is a graph illustrating the detection of imp Uise 

nolee in the first embodiment: 
FIG, 5 is a graph Illustrating the non-detection of a 
tone burst in the first embodiment; 
FtG. 6 is a block diagram of an impulse norse de- 
tector illustrating a second embodiment of the in- 
vention; 

FIG, 7 fS a graph jllustratingthe detection of impulse 
noise in the second embodiment; 
FtG. 8 is a graph illustrating the non-detection of a 
tone burst in the second embodiment: 
FIG. 9 is a block diagram of an impulse noise de- 
tector illustrating a third embodiment of the inven- 
tion; 

FIG. 10 is a graph illustrating impulse noise mixed 
with intermodulation products; 
FIG. 11 is a graph illustrating the emphasis of the 
impulse noise by the differ^ce processor in the 
third embodiment; 

FIG. 12 is a block diagram of an impulse noise de- 
tector illustrating a fourth embodiment of the inven- 
tion; 

FIG, 13 is a block diagram ol an impulse noise de- 
tector illustrating a fifth embodiment of the inven- 
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tion; and 

FIG. 14 is a block diagram of an FM stereo radio 
receiver with a noise reduction system illustrating a 
sixth embodiment of the invention. 

5 

DETAILED DESCRIPTION OF THE INVENTION 

[001 9] Embodiments ol the invention will be de- 
scribed with reference to the attached drawings, in 
10 which like parts ar^ indicated by like reference charac- 
ters. 

[0020J Referring to FIG. 3. a first embodiment of the 
invention has an analog input terminal 8 receiving an 
analog audio signal, in this cas© an FM composite eig- 

'5 nal, end an output terminal 14 from which an impulse 
noise detection signal is output. The firet embodiment 
comprises an analog-lo-dlgital converter (ADC) 16, a 
high-pass filter 9a, an envelope detector 16, a m^wory 
17, an averager (AVG) 20, a multiplief 2i. and a com- 

^ paraior (COMP) 22, The ar»atog-to-digital converter 15 
is a well-known hardware device. The other elements 
may be separate hardware devices, or software mod- 
ules in a pn;>gram executed by a computing device such 
as a mfcroprocessor or digital signal procgsBor (DSP), 

25 [0021] Next, the operation oJ the first embodiment will 
be described. 

[0022] Theanatog-to-digital converter l5com/ertsthe 
FM compostle signal received at the analog input termi- 
nal 8 to a digital signal for Input to the high'pasa filler 

^ 9a The high-pass filter 9a attenuates (rec|usncy com- 
ponents up to at least 53 kHz, and passes the remaining 
high-frequency components to the envelope detector 
16. Since the high-pass fitter ga attenuates all of the sig- 
nal frequencies normally present in the FM composite 

55 eig/ial, the output of the high-pass fiHer 9ia is essentially 
a noise signal, the level of which Is eubatantially unaf- 
fected by variations in the leit^channel and right-channel 
audio signal levels. 

[0023] The envelope detector 1 6 determines the am- 
^0 plitude level of the output of the high-pass filler ga. Var- 
ious methods of envelope detection can be employed. 
In one exemplary method, the envelope detector 16 
squares the input data received from the high-pass filter 
9a, performs a low-pass filtering operation on the 
4S squared values, and takes the square roots of the low- 
pass filtered values, in another exempfary method, the 
envelope detector 16 performs a low-pass filtering op- 
eration on the abso*tJte valuee of the data received from 
the high-pass fitter 9a The data output from the enve- 
lope detector 16 are stored temporarify in the memory 
17. 

[0024] The signal Input at the analog input terminal e 
always Includes a certain amount of low-level back' 
ground noise, and intermittently includes impulse noise. 
^ The background noise is generated by electronic com- 
ponents in the preceding circuits in the receiver, euoh 
as the tuner 2 and FM demodulalor 3 shown in FIQ 1 . 
Because of automattc gain control in the preceding cir- 
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cuits, the level of the background noise and impulse 
noise depends on the strength of the FM eignal recei\red 
at the antenna, but impulse noise that does not greatly 
exceed the background noise level is masked by the 
background noise and does not have to be blanked out. 
The first embodiment accordingly detects impulse noise 
by comparison with a threshold set in relation to the 
background noise level. 

[0025] This comparison is made by the comparator 
22, which compares each data vafue D stored in the 
memory 17 with a threshold set by Ihe averager 20 and 
multiplier 21, drives the Impulse noise detection signal 
to the active togic level if 0 exceeds the threshold^ and 
drives the impulse noise detection signal to the inactive 
level If D does not exceed the threshold. 
[0026] The averager 20 takes the average the data 
values spanning a time interval preceding and following 
the data value D compared by the comparator 22, the 
inteA/at being longer than the expected duration of im- 
pulse noise. An example of an appropriate interval is a 
two-millisecond interval extending one millisecond be- 
fore and after the processing point of data D. 
[0027] The multiplier 2i multiplies the siverage calcu- 
lated by the averager 20 by a factor fVI, and supplies the 
result to the comparator 22 as the threshoki value. The 
factor M should be high enough to avoid the unwanted 
detection of background noise, and of tone bursts and 
other abruptly rising signals that are more persistent 
than Impulse noise. An example of an appropriate factor 
is four (M = 4). 

[0028] FIG, 4 illustrates the detection of a noise im- 
pulse with a duration of 0.2 milliseconds, when the av- 
eraging Interval is two milliseconds and M is equal to 
four. Time Is indicated on the horizontal axis. Data val- 
ues are Indicated on the vertk>al axis, normalized so that 
the noise Impulse )^a$ a level of unity. For simplicity, the 
envelope data EN stored in the memory 17 are Shown 
as having a square waveform. The background noise 
level UN is close to zero. When the comparator 22 com- 
pares the data value at the leading edge of the noise 
impulse (D), the average data value AV In the surround- 
ing two-miltisceond interval is substantially equal to0.1 , 
and the threshold value TH set by the multiplier 2i is 
substantially 0.1 x 4, or 0.4. The data value D exceeds 
the thre9hold TH (1 > 0.4), so the Impulse noise detec- 
tion signal is activated. 

[0029] As further data arrive from the envetope detec- 
tor 16. the compared data value (D) and the surrounding 
two-millisecond interval are shitted forward on the time 
axis, and iha same process is repeated. The process 
can be repeated at each new data value, or at Intervale 
of two or more new data values. The impulse noise de- 
tection signal will remain active for substantially the 
0.2-mlllisecond duration of the noise impulse, then be- 
come inactive as the processing point moves past the 
noise impulse and the data value falls below the thresh- 
old level again. 

10030] FIG. 5 illustrates the response of the first em- 
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bodiment to a tone burst lasting longer than one mtlli- 
second, using the same noiation as in FIG. A. The tone 
burst is shown as rising abruptly to a level of unity at the 
current processing point (data D). The average value 
S (AV) calculated around this point is substantially 0.5, so 
the threshold level (TH) is substantially equal to two (0.5 
X 4). Th>e data value D is less than the threshold TH (1 
< 2), so the impulse noise detection signal remains in- 
active. As tha processing point shifts forward (to the 
«ght), the impulse noise detectton signal will continue to 
remain Inactive. 

[0031] The first embodiment is accordingly able to de- 
lect short-duration impulse noise without mistakenly de- 
tecting tone bursts and other signals of longer duration 

'5 that should not be removed from the FM composite sig- 
nal, oven if these signals rise abruptly. 
[0032] In a variation of the first embodiment, the mul- 
tiplier 21 multiplies the average value output from the 
averager 20 by one factor (Mi) if the impulse noise de'^ 

so teotion eignal is currently inactive, and by another, small- 
er factor (Mj) if the impulse noise detection signal is cur- 
rently active. For a given average value, the activation 
threshold of the impulse noise detection signal becomes 
higher than the deactivation threshold (because 1^ > 

^5 Mg). This variation provides a desirable hysteresis effect 
that keeps the impulse noise detection signal from fluc- 
tuating between the active and inactive states when an 
Impulse noise waveform fluctuates around the defection 
threshold while rising or falling. 

30 [0033] In another variation of tho fir^t embodiment, 
the averaging interval is not shifted each time the com- 
pared data point 0 is shifted; the same average value 
is used during two or more comparisons. If the length of 
the averaging interval is two milliseconds, a new aver^ 

^ age value can be calculated once every millisecond, for 
example, or once every two milliseconds, 
[0034] In another variation, the memory 1 7 is omitted 
and the averager calculates average values by. for ex- 
ample, a moving^average method. 

40 [0035] In a further variation, the analog-to-digitai con- 
verter 1 S is omitted, and the high-pass filter 9a and en- 
velope detector 16 are analog circuits. The averager 20, 
multiplier 21, and comparator 22 may also be analog 
circuits; alternatively, an anatog-to-digital converter may 

4S be providsd on the output aide of the envelope detector 
16. 

[0036] These variations of the first embodiment also 

apply to the embodiments described below 

[0037] Next, a second embodiment will be described. 

so [po3e] Referring to FIG. 6, the second embodiment 
comprises the elements described in the first embodi- 
ment. Except for the averager 20, these elements oper- 
ate as in the first embodiment. The second embodiment 
also comprises an additional averager 18 and an addi- 

55 lionat multiplier 19. Averager 16 takes the average of 
the data values stored, in the memory 17 over a prede- 
termined inten/al. Multiplier 19 multiplies the resulting 
average by a constant factor N. Averager 20 re-calcu- 
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late© the average value of the data in the memory 17 
over the same interval, using only c^ata values equal to 
or less than the produd output by mulitplier 1 9. Multiplier 
21 muttiplies the average value output by averager 20 
by a factor M to obtain the threshold supplied to the com- 5 
parator 22. 

[0039] FIG. 7 illustrates the operation of the second 
embodiment in detecting 9 0,2-millisecond noise pulse 
in envelope data EN with a bw tiackground noise levet 
LN . t he horlzooiai axis representing time and the vertical w 
axis representing signal level. The height of the noise 
pulse is again normalized to unhy. The factory M and N 
are both equal to four The average value AV calculated 
by averager 1 a over the Indicated two-ni|lll&econd inter- 
val on the horizontal axis is 0. 1 . The product PR output is 
by multiplier 19 is equal to 0.4. Averager 20 selects and 
averages the data values equal to or less than 0,4 in the 
aerriQ twD-miliiaBcond Interval* All such data values are 
equal to LN. maldng the average value calcu lated by av- 
erager 20 also equal to LN. The threshold TH catcu lated 20 
by multiplier 21 Is equal to four timea UN. Tne fir&t data 
point D In the noise Impulse exceeds thi« threshold TH, 
causing output 0I an active impulse noise detection sig- 
nal as in the first embodiment. 

[0040] FIG. 9 illustrates the response of the second £S 
embodiment to a tone burst lasting longer than one mil- 
Itsecond, using the same notation as in FIG. 7, the level 
of the tone burst being normalized to unity, Averagar 1 8 
calculates an average value AV of 0.5, which multiplier 

ig muhipltes by four to obtain a product PR equal to tWO. 30 
Averager 20 selects the data values less than PR, thus 
selecting all data values in the interval, and again cal- 
culates an average value 01 0.5. Multiplier 21 multiplies 
this average by four, obtaining a IhreshoFd value TH 
again equal to two. The data value D Is less than this 3S 
threshold TH, so the impulse noise detection signal re- 
mains inactive. 

[0041] Like the first embodiment, the second embod- 
iment detects short-duration impulse noise without da- 
tecitng abruptly rising signals of longer duration, such 
as tone bursts. For the idealized waveforms shown In 
FIGS. 7 and 8. the second embodimgni produces the 
same results as the first embodiment, but in the general 
case, the second embodiment delects impulse noise 
more quickly and more sensitively than the first embod- 45 
iment, because the threshold TH in the second gmbod- 
iment is subsianiialiy unaffected by the noise impulses 
themselves. 

[0042] Next, a third embodiment will be described. 
[0O43] Referring to FIG. d, Ihe third embodiment in- so 
sens a difference processor 25 between the envelope 
detector and memory of the second embodiment, so 
that the memory I7b stores the output of the envelope 
delectof 16 as processed by the difference processor 
23^ instead of dl rectly storing the output of the envelope ^ 
detector 16. The difference processor takes the dif- 
ference between each data value received from the en- 
velope detector 16 and the n-th preceding data value, 
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where n is a fixed positive integer, and performs another 
envelope deteci ion process on the resulting differences. 
[0044J The other elements of the third embodiment 
are identical to the corresponding elements tn the sec- 
ond embodimant, and operate in the same way. 
[0043] The effect of the difference processor 23 is to 
emphasize rapidly-changing signal components, such 
as impulse noise, relative to more slowly-changing com- 
ponents, such as components of the FM composite sig- 
nal that leak into the high-frequency band through inter- 
modulation distoaion. FIG. 10 shows an example of an 
envelope waveform output by the envelope detector 16, 
i/Kluding both impulse noise 24 and fntermodulation 
products 55. FIG. 11 shows the same waveform after 
passage through the difference processor 23, which 
took the difference between each data point and the da- 
ta value four points before (n ^ 4). The rapid changes In 
the impulse noise 24 (eave a strong peak tn the envelope 
signal output by the difference processor 23, while the 
intermodulatlon products 25 are much anenuatod. 
[0046] By attenuating high-frequency intermodufation 
products and thereby emphasizing impulse noise, the 
third embodiment enables impulse noise to be detected 
accurately despite the leakage of intermodulation prod- 
ucts from the audio components of the PhA composite 
signal into the high-frequency noise band. 
[0047] Next, a fourth embodiment will be described. 
[0048] Refen-ing to FIG. 12, the fourth embodiment 
supplies the output of the analog-to-digital converter 1 5 
lo a pair of bandpass filtarg <BPF8) 9c and 9d having 
diflerent pasebands. As one example, the first bandpass 
filler 9c has a passband centered at 90 kHz while the 
second bandpass fitter 9d has a passband centered at 
1 00 kHz, both pasabands havin g a bandwidth of 1 0 kHz. 
The output of the first bandpass filler 9c is processed by 
an envelope detector 16c. a memory 17c. an averager 
18c. a multiplier l9o, another averager 20c, another 
muiiipliBr2lc, and a comparator 22c. which are identk^i 
10 the corresponding elements in the second embodi- 
ment. The output of the second bandpass filter 9d is like- 
wise processed by an envelope detector 1 6d. a memory 
1 7d. an averager 1 8d. a multiplier 1 9d, anotberaverager 
20d, another multiplier 2ld. and a comparator 22d iden- 
tical to the corresponding elements in the eecond em- 
bodiment. The two oomparalors 22c and 22d output re- 
spective detection signals as described above. 
[0049] The outputs of the two comparators 22c and 
22d are supplied to an output logic processor 26, which 
supplies an output impulse noise detection signal to the 
output terminal 14. The output togic processor 26 also 
receives an indicator signal from a digital input terminal 
27, indicating the level of the radio-frequency FM broad- 
cast signal received at the antenna. In the fourth em- 
bodiment, the indicator signal is preferabJy a one-bit sig- 
nal that is active when the received level of the broad* 
cast Signal exceeds a predetermined level. 
[OOSO] When the indioator signal is active, the output 
logic processor 26 performs OR logic on the inputs from 
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the two comparators 22c, 22d. activating the imputse 
noise deleotion signal when the output of either ono (or 
both) of the comparators is aclivg. When ih9 indcator 
signal is inactive, the output to^lc processor 26 performs 
AND togic, activating ihg impulse noise detactton signal 
only when the inputs from both c:omparators 22c, 22d 
are active. The output logic processor 26 accordingiy 
aciivfltea the output impulse notea detoctton signal 
whan at least two signals among the indk:ator signal, 
the output o1 the first comparator 22c, and the output of 
the second comparator 22d are active, 
[0051 ] When the receh/ed radio^requ ency signal lev- 
el is high, the amplifiers in the front end of the receiver 
(not visible) are set to a comparatlv^y low gain, reduc- 
ing the amplitude of impulse noise picked up by the an- 
tenna in relation to the level of background noise gen- 
erated by subsequent receiver circuits, thereby malong 
the impulse noise harder lo detect. The frequency spec- 
trum of impulse noise fluctuates rapidly, however, while 
the spectrum of the background notse ohangeg little 
over time. A$ a result, while the impulse noise may not 
be detected in the outputs of both bandpass filters 9c 
arKi 9d simultaneously, it is generally detectable in the 
output of one bandpass filter or the other. 
[0053] When the reoerved radlo-rrequency signal lev- 
el is low, the front-end amplifiere operate at a compara* 
tivety high gain, and when impulse noise is present, It is 
readily detectable in the passbands ol both bandpass 
fitter& at once. If the amplifier gain is high enough, how- 
ever, comparator 22c or comparator 22d may also begin 
to detect system rK}i8e generated by, for example, e mi- 
croprocessor controlling a display device or performing 
other control functions in the radio receiver. This type of 
system noise is weaker than the impulse noise gener- 
ated by, for example, an autorrrabile ignition system, and 
Is more restricted in frequency. Thus if system noise is 
detected at all, It is generally detected by only one of the 
two comparators 22c ar^j 22d. 
[0053] By performing OR logic when the received sig- 
nal level is high ^nd performing AND logic when the re- 
ceived signal level ts low, the output logic processor 26 
is able to detect impulse noise mixed with a strong re- 
ceived FM broadcast signal, without detecting eystem 
noise &l low received FM algng^l lavele. 
[0054] Next, a fifth embodiment will be described. 
[0Q55] Referring to FIG. 13, the fifth embodiment 
comprises the same elements as In the second embod- 
iment, but provides the second multiplier 21 e with an 
indicator eignal from the digital input terminal 27 de- 
scribed In the fourth embodiment, Indicating the re- 
ceived signal level at the antenna, The multiplier 21 e 
adjusts the value ol the factor M in an inverse relation 
to the IndicaTor signal, using a large value of IVl when the 
received signal level is k>w. and a small value of M when 
the received signal level is high. 
[0056] As explained in the fourth eml^odiment. when 
the received signal level is high, front-end amplifier gain 
is reduced, thereby reducing the level of externally-gen- 


erated impulse noise In relation to intemaify-generated 
background notse. By reducing the factor M in this srtu- 
ation, the fifth embodiment reduces the defection 
threshold, so that impulse noise can still be detected 

s with adequate sensitivfty 

[0057] When the received Oignal level is low. front-end 
amplifier gain is increased, creating a risk that the com- 
parator 22 might detect not only impulse noise, but also 
system noise arid other non-impulsive environmental 

10 noise, By increasing the factor M in this case, the fifth 
embodiment increases the detection threshold, so that 
only strong impulse noise such as ignition noise is de- 
tected. 

[0058] As a result, the fifth embodiment is able to de- 
'■5 teot impulse noise accurately over a wider range of re- 
ceived FM signal levels than the second embodiment, 
[005d] The indicator signal received at the digital Input 
terminal 27 in the fifth embodiment need not be a one^ 
bit signal. The Indicator signal can be a multiple-bit sig- 
20 nal indicating the received FM signal level in a substan- 
tially continuous manner, and the factor M can be varied 
in a substantially continuous manner in response to the 
received signal level. 

[0060] Next, a sixth embodiment will be described. 

fiB [0061] Refemng to FIG. 14. the sixth embodiment Is 
a noise reduction system 28 comprising the impulse 
noise detector 29 of the first embodiment and an im- 
pulse nolae reducer 30. This noise reduction system 28 
can be used in a radio receiver comprising an antenna 

^ 1, Q tuner 2, an fhA demodulator 3, an FM stereo de* 
modulator 6, and a pair ol loudspeakers 7, as shown, or 
in various other types of equ^ment in which impulse 
noide must be suppressed, fn response to the impulse 
noise detection signal output by the Impulse noise de- 

3S lector 29, the impulse noise reducer 30 attenuates or 
Wocke the input received from, lor example, the FM de- 
nr^odulator 3, and provides the attenuated signal or a 
substitute signal tO: for example, the FM stereo demod- 
ulator 6. The impulse noise detector 29 and noise re- 

^ ducer 30 may be combined into a single integrated cir- 
cult, 

[0062] The sixth embodiment provides the advantag- 
es noted in the first embodiment. In a variation of the 
sixth embodiment, the innpulBe noise detector of thesec. 

^ ond, third, fourth, or fifth embodiment is used. 

[0063] As described above, by using a detection 
threshold obtained from the average of data values over 
an interval, the first embodiment detects short-duration 
impulse noi^e while ignoring other abruptly rising stg- 

so rials. 8y repeating the averaging process, the second 
embodiment obiaina a detection threshold that is not af- 
fected by the noise impufsed the detector is seeking to 
detect. By inserting a difference processor In the enve- 
lope detection process, the third embodiment detects 

£s impulse noise accurately despite the presence of leak* 
age from the audio components of the analog audio sig- 
nal. By detecting impulse noise separately in two sepa- 
rate frequency, bands, the fourth embodiment detects 
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impulse noise accurately at both high and tow received 
radio-frequency signal levels, without deteciing syatem 
noise. By varying the threshold multiplier M according 
to the received signal level, the fifth embodiment also 
detects impulse noise accurately at both high and tow s 
received radio-frequency signal levels without detecting 
system noise. The sixth embodiment provides a noise 
reduction system with advantages similar to the above, 
[0064] These features ol the preceding embodiments 
can be combined in ways other than those illuetratfid in io 
the drawings. 

[0065] The input signal in which impulse noise is ds- 
tected need not be an FM composite signal. 
[006$] Those skilled in the art wili recognize that fur- 
ther variations are possible within the scope claimed be- 
low. 


Cifiims 

20 

1 . A method oT detecting impulse noise in an input sig- 
nal, comprising the steps of: 

(a) filtering eaid Input signal to reject at least 
frequency components below a predetermined ss 
frequency, thereby producing a filtered signal; 

(b) detecting an envelope or satO f irtdred signal, 
thereby producing an envelope signat; 

(c) calcuiating a first average value of at least 
some values of said envelope signal over a pre- 30 
datennined time tntervai; 

(d) muitlpfying eaid firet average value by a first 
factor, thereby producing a threshold value; 

(e) comparing at least one value of said enve- 
lope signal in said predetemiined time interval ss 
with said threshold value; 

(f) activating an impulse noise aetection signal 
if the compared value exceeds said threshold 
value; and 

(g) de-activaling said impulse noise detection ^ 
signal if the compared value does not exceed 
said threshold value. 

2. The method of claim 1 , further comprising ihe ^teps 

of: ^ 

(h) increasing said first factor when said im- 
pulse noise detection signal becomes inactive: 
and 

(I) decreasing said first factor when said im- so 
pulse noise detection signal becomes active. 

a. The method of claim 1 . further comprising the eteps 
of: 

55 

(j) calculating a second average value of all of 
the values of said envelope signal in said pre- 
determined time inten^al; 


(K) muttiplying said second average value by a 
second factor, thereby producing a product val- 
ue; and 

(I) selecting the values of said envelope signal 
less than said product value for use. in calculat- 
ing said first average value in said etep (c). 

4. The method of claim 1 , wherein said step (b) further 
comprises the steps of: 

(m) detecting a preliminary envelope of said fil- 
tered signal; 

(n) taking differences between values in said 
preliminary envelope, thereby producing a dif- 
ference signal; and 

(o) detecting an envelope of said difference sig- 
r^l, thereby producing said envelope signal. 

5. The method of claim l, wherein said input signal is 
obtained from a radio-frequency eignai received at 
an antenna (1), and said step (a) employs a band- 
pass filter with a passband above sard predeter- 
mined frequency, further comprising the steps of: 

(p) changing the passband of eaid bandpass ni- 
ter and repeating said eleps (a) to (g), so that 
a first value of aaW Impulse noise detection sig- 
nal is obtained using one passband in said step 
(a), and a s^ond value of said impulse noise 
detection signal is obtained using another 
passband when said step (a) is repeated; 
(q) combining said first value and said second 
value by afirsi logic operation, when said radio- 
frequency signal has a received level exceed- 
ing a predetermined level, to obtain an output 
value ol said impulse noise detection signal that 
is active when at lea^t one of said first value 
and said second value is active; and 
(r) combining said first value and said second 
valua by a second logic operation, when the re- 
ceived level ol said radio-frequency signal is 
less than said predetermined level, to obtain an 
output value of said impulse noise detection 
signal that is active only when both said first val- 
ue and said second value are active. 

$. The method of claim 1, wherein said input signal is 
obtained from a radio-frequency signal received at 
an antenna (1 ). further comprising the step of: 

(s) adjusting said first factor according to a re- 
ceived level of Said radio-frequency signal. 

7. The method of claim 1 , wherein said input signal is 
an FM composite signal. 

8. An impulse noise detector for detecting impulse 
noise in an Input signal, comprising: 
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a firter (9a) tittering said input algnal to reject at 
least frequency components bebw a predeter- 
mined frequency, thereby producing a filtered 
signal; 

an envelope detector (1 6) coupled to said filler s 
(Qa), detecting an envelope of said filtered sig- 
nal, thereby producing an envelope signal; 
a first averager (20) coupled to eaid envelope 
detector (16), calculating a first average value 
of at least eome values of said envelope signal io 
over a predetermined time interval; 
a fir^l multipiier (21) coupled to said first aver^ 
ager (20), multtptying said firfit average value 
by a first factor, thereby producing a threshold 
value; and '-5 
.a comparator (22) coupled to &ald f Iret m ultiplie r 
(21), comparing at least one value ot said en- 
velope 9ignaf in said predetermined time Inter- 
val with said thre&hokj value, activating an im- 
pulse noise detection signal if the compared ^ 
value exceede saW threshold value, and de-ac- 
tivating said impulse noise detection signal if 
the compared value does not exceed eaid 
threshold value. 

$s 

9. The impulse noise detector of claim 6, wherein said 
first multiplier (21) increases said first factor when 
said impulse noise detection signal becomes Inac- 
tive, end det::rea9e9 said first fac^tor when said im* 
puUe noise detection signal becomes active. 3o 

10. The impulse noise detector of claim B, further com- 
prising; 

a memory (1 7) coupled to said envelope deteo- 3b 
tor (16), storing said envelope signai; 
a second averager (18) coupled to said mem- 
ory (1 7), calculating a second average value of 
all of the values of said envelope signal In said 
predetermined time interval; and 40 
a second multiplier (19) coupled to said second 
averager (18), multiplying said second average 
value by a second factor, thereby producing a 
product value; wherein 

said first averager (20) selects the values of ^ 
said envelope signal less than said product val- 
ue for use in calculating said first average val- 
ue. 

11. The impulse noise detector of cigim 9, wharsin said 
envelope detector comprises: 

a preliminary detector (16) detecting a prelimi- 
nary envelope of said filtered signal; and 
a difference processor (23) taking differences ss 
between values in said preliminary envelope, 
thereby producing a difference signal, and de- 
tecting an envelope of said difference signal. 


thereby producing said envelope signal. 

12. The impulse noise detector of claim 6, wherein said 
input signal is obtained from a radio-frequency sig- 
nal recerved at an antenna (1 ). and said first muhi- 
plior (21 e) adjusts said first factor according to a re- 
ceived lev&l of said radio-frequency signal. 

13. The impulse noise detector of claim 8. wherein said 
Input signal is an FM composite signal, 

14. An impulse noise detector for detecting impulse 
noise in an input signal derived from a radio-Tre- 
quency signal received at an antenna (1)= comprls* 
ing: 

a first bandpass fiKer (9c) having a first pass- 
band, nitering said input signal to produce a first 
filtered signal; 

a first envelope detector (16c) coupled to said 
lirsl fitter (9c). de^ecting an envelope of said first 
filtered signal* thereby producing a first enve- 
lope signal; 

a first averager (20c) coupled to said first enve- 
lope detector {I6c), calculating a first average 
value of at least some values of said first enve- 
tdpe sl^al over a predetermined time interval; 
a first multiplier (2ic) coupled to said Rrst aver- 
ager (20c), multiptying said first average value 
by a first factor, thereby producing a first thresh^ 
old value; 

a first comparator {22c) coupled to said first 
multiplier (2ic), comparing at least one value 
of said first envelope signal tn said predeter- 
mined lime interval with said first threshold val- 
ue, activating a first detection signal if the com- 
pared value exceeds said first threshofd value, 
and de-aclivating said first detection signal if 
the compared value does not exceed said first 
threshold value; 

a second bandpass filter (Sd) having a second 
passband different from said first passband, fil- 
tering said Input signal to produce a second fil** 
tared signal; 

a second envelope detector (I6d) coupied to 
said seciond filter (9d), detecting an envelope 
of said second filtered signal, thereby produc- 
ing a second envelope signal; 
a second averager (20d) coupled to said sec- 
ond envelope detector (1 6d), calculating a sec- 
ond average value of at least some values Of 
said socond envelope signal over said prede- 
termined time interval; 

a second multiplier (21 d) coupled to said sec- 
ond averager (20d), multiplying said second av- 
erage value by said first factor, thereby produc- 
ing a second threshold value; 
a second comparator (22d) coupled to said sec- 
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ond multiplier (21 d), comparing ax least one val- 
ue of said second envelope filgnai in said pro- 
determirted time inierval with said second 
threshoki vatu9, activating a sacond detection 
signal if the compared value exceeds said sec- s 
ond threshold value, and de-aclivattng said 
seesond detection signal if the compared value 
does not exceed said second threshold value; 
an inputterminal (27) receiving an indicator sig- 
nal that Is active when said radio-frequency sig- io 
na! has a received level exceeding a predeter- 
mined level; and 

a logic circuit (26) coupled to said first compa- 
raior (aste), eaid second comparator (22d) and 
said Input terminal (27), activating an impulsa ts 
notse detection signal when at iea$t two of said 
indicator signal, said fir&t detection signal, and 
eaid second detection signal are active. 

1 5. A noise reduction system (2S) for reducing noise in so 
an input signal, comprising: 

a f irter (9a) tllierfng said input signal to reject at 
least frequency components below a predeter- 
mined frequency, thereby producing a filtered Z5 
signal; 

an envelope detector coupled to said filter 
(da), detecting an envelope ot said tittered sig< 
nal, thereby producing an envelope signal; 
a fir^t averager (20) coupled to said envelope so 
detector (16), calCLildtfng a ftr^t average value 
of at least some values of safd envelope signal 
over a predetermined time Interval; 
a first multiplier (21 ) coupled to said first aver- 
ager (20), rmjitiptying said first average value 
by a first laetof, ihereby producing a threshold 
value; 

a comparator (22) coupled to said first muKiplier 
(21 ), comparing at least one value of said en- 
velope signal in said predetermined time ir^ter- 
val with said threshold value, activating an im- 
pulse noJse detection signal if the compared 
value exceeds eald threshold value, and de^c* 
Ifvating said Impulse noise detection signal if 
(he compared value does not exceed sak^ ^ 
threshold value; and 

a noisa reducer (30) coupled to said compara- . 
tor, passing said input signal when said Impulse 
noise detection signal is inactive, and btocking 
said input signal when said Impulse noise re- so 
jection signal is active. 

16. The ooise reduction system of claim 15, wherein 
said first nrtuttipller (21) increases said first factor 
when said impulse noise detection signal becomes 55 
inactive, and decreases said first factor when said 
impulse noise detection signal becomes active. 


719 A2 15 

17. The noise reduction system of claim 15, further 
comprising: 

a memoiy (17) coupled to said envelope detec- 
tor (16), storing said envelop© signal: 
a second averager (IB) coupled to sard mem- 
ory (1 7), calculating a second average value ot 
all of the values o1 said envelope signal in said 
predetermined Hme interval; end 
a second mu Itipiier ( 1 9) coupled to said second 
averager (16). multiplying said second average 
value by a second factor, thereby producing a 
product value: vvh^rein 

said first averager (20) selects the values of 
said envelope signal lees than said product val- 
ue for use In calculating said first average val- 
ue. 

18. The noise reduction system of claim 15, wherein 
said envelope detector comprises: 

a preliminary detector (i 6) detecting a prelimi- 
nary envelope or said filtered signal; and 
a difference processor (23) taking differences 
between values in said preliminary envetape, 
thereby producing a difference srgnal, and de- 
tecting an envelope of said difference signal, 
thereby producing said envelope signal. 

19. The noise reduoftion system of claim 15, wherein 
said input signal is obtained from a radio-frequency 
signal received at an antenna (1 ), and said first mul- 
tiplier (21 e) adjusts said first factor according to a 
received level of said r^dio-frequency signal, 

20. The noise reduction system of claim 15, wherein 
eaid input signal is an FM composite signal. 

21 . A noise detector comprising a filter for outputiing a 
noise signal, means for comparing a value derived 
from the noise signal with a thrashoid value derived 
from the noise signal. 
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